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» COMPLETE SPECIFICATION * 

Improvements in or relating to Silicon Carbide Articles and 
Methods of JFoonmg them 



(A. Cammu mcataon from Tara . 
itch CaurAxrr, a XJorpor^ttoix or^aaisi 
and existing- under -Sift lams of tie 
State of Delaware, United Btefra of 
5 America, of Itt&ear* Talk, in "the 
County of tfiagora, sad State of Sew 
York, United States q£ Ajnericaa). 
L A wMuit Abskt* a Brrtiah SuWeoW of 
111/112, Hattan Garden, IiOndon, E.C1, 
JO io hereby declare the nature of Shia 
invention and in what manner the samd is 
to be performed, to bo particularly daa- 
cribad - and. ascertained in "and' "by, the 
following- statements — 
15 . Thia invention relates to a' novel rcfea©^ 
tory material and. n> the method "of 
making it. Tao obdect of -ti.e mveution' 
is io produce & refractory composed of 
sub&antjal amounts of eelr-bondfia silicon 
20 oarMde, which refractory can "be mad© in 
xelatrvaly - thtn aectianft, which has a 
high Load " carrying capacity; which itf 
highly resistant to dermal ahocks," axyT 
which is. highly oxidation resistant. The" 
25 refractory material ooyered by ihe 
present mrention n>ay do used* afl'eatter 
tiles (i.e. thin fiat 'sbta), briehfl, and 
variant other articles of any shape desired 
for nne particularly in appKcationB ▼hare . 
a material having- gooci_ HtrcngrQi at 
elevated* temperatures ifl 
The method of the pre 
dSg tiagliiahad from ' the „ 
ectoS important respects, one of which 
35 being* tfaat a. relatively lovr nan** tem- 
peranxro is required, * and " another* of 
which SO the uhsenee of free carhop, in /the 
finished product. Because a low tempera- 
ture is uaed, the process resolta in sub*- 
40 fftasitial savings because of the cogfc of 
power or fuel required to fire the refrao- ' 
lory and also -because "x cheaper* lower 
temperature IcQn may be pied in ita 
nvinnfactora than heretofore- Bonded 
« refractory materials mintatTtinr a suh- 
gtantjal i amount of * eoU-hondea sfUwrn. 
carbide, which axe mado by use of prior- 
art methods, have been found to have 
relatively poor mechanical strengths at 



30 



* invention, ifl 
prior^ari, 



elevated temperature* and to be prone to 50 
the " development of cracks as a ocjse- 
guesee of rapid changes of temperature. 
On the other hand the refractory of the 

present invention W be znado in vary 
thin Heafcrons where the parti cnlar ffppli- 05 
cation regoires it x &n& yet will snatain 
nj^Ta&DABea' throughout a long- period of 
time at elevated -temparatares. Sack 
refrsctocry w3T* <mdtrre nnmorona rapid 
changw <tf -lani yua t u re, jpithorgt cxao&g 60 
or sagging; and 15 ' also' highly .roaa^ant 



to oaddot&qn at hi^fh ton>poxa Lures. 

The method -of the present invention *.« 
conastai in one modi&catkm thereof, in 
hgatmg an infcnata mixtnze of nnely 65 
divided carbon *and finely divided! silicon - 
which have heen moulded and formed to 
the desired ahapct, dt a rolativoly low" tern- 
perataro. namely, £n>m a pu r a simaiely 
1200" C- ttr 1500* 0. When, .^pi^ 7& 
maiely etoiahmmciEib proportions are 
used and the mixfcnra is bo neated for a - 
anit&ble length of time nmdex redncing- 
or nonnxcLduin?' eimditione the carbon 
and dlican react anbstantially completely 15 
to form silicon, enrhifa without the pro- 
duction of free carbon* 

Thus, according- to this invention, a 
'rofractoory article comprifles cubic exlleon 
t&rlmie crystals interlocked and at least 80 
partially inter-difiufied with each other 
-srith the" ftbaanc© erf free oar hen, with or 
wrffiout a.grannlaied refractory filler 
jataterialT"-" — ' I 

.Such, silicair* carjride is not fhe typo & 
obtained m the silicon, car hide furnace 
which is conventionally used in {ho poor 
art, wherein a -mixture' of sand and 
carbon" » p&cVed-' around an elongated 
gxaphifo core" and is heated to an go 
extremely high ' temperatnrot as for 
example, from 2000* C, to 2600° 0* /Che 
product reanltrng £rom ett&k aonventional 
method of manuxactcre is in the form of 
either large platy crvBtala or elongated 95 
needle-like cryetalo of hmgonal silicon 
carbide. In the method of the preeent 
invention, because oif the low" tempera* 
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tuxes employed the product, i^qamwteei. 

""■'* wholly" or in part in-the~foim, of very 
small crystals, bo small in fact, that when, 
gjQMaiaed by the naked eye, they appear 

6 to be amorphons, and which/ upon 

PXflTTITTIfttlQXLy OS by U38 Of X-rttV/ diflraC-* 

- — tian patterns, is found to be cubic silicon 
carbide* 

" The product nu*jr consist gnbstan.tia3.ly 

10 wholly of such cubic silicon carbide with 
the minute crystals closely anctariGscked :sn 
th&t tbo product has 'a very high 
mechanical strength* In modifi cations of 
my iavwtioSj, which aro employed -wham 

15 mrbducts having properties dmerent from 
those of the jpxpaact above described are 
.desired, there is etocplcxyed a substantial 
amount of filler material which is moor- . 
porated initially with -the mixture o£ # 

SO carbon, and silicon. Such Slier material 
may be, for example t ordinary hexagonal 
sdluum carbide of one or mccr» meah/aizeej 
nt^nvjim mulxte, kyanitti, or other rafrnc— 
torygrhxn, cr it may be a clay: 

25 When, sufficient clay id used to act as a 
ampplem entnxy bond, as for frmtaaroft when. • 
20 — 30% by "weight of the product is 
employed, the product has a mechanical 
strength and urnhftnosfl which allow it to 

30 wife-stand especially hard Uses in the ymy 
of mechanical and heat shocks,, 

OVq.ot more of such filler materials 
may be used together. In cases where 
£noh filler materials axe used, the product 

35 ccmusfe? of such nller uniformly distri- 
buted throughout *he resulting rexractoTy 
shape and a bond of interlocked cubjLc 
silicon carbide crystals, It Is possible; by 
use; of the "filler or varyin g amounts of 

40 clay te modify and predetermine such 
uropertSaaof the refractory as meohnnicai 
Etrength; coefficient of expansion, beat 
conductivity, and resistance to thermal 
shock. , 

45 The cubic silicon carbide, formed as a 
result of the reaction between .the carbon 
pad silicon of the mixture, bonds itself 
and the filler. material, it such, is usedL 
into a strong coherent ninse by reason or 

SO the jjltariao eking u£ the cubic silicon* car* 
bide crystals with each, -other and the 
gx aiWllttX filler, and by reasosi of the at 
least partial interiLGtamou between adja- 
cent onbia si lvan carbide crystals « "When 

55 the refractory is employed at temperatures 
above, that at which it was formed, it is 
self-riraajjftenjji£, since finch tempera- 
ture wifl m farther m the intfrJaSusion 
between silicon, carbide crystals. If such 

Qa temperature is hteB. erumgh, the cubic 
silicon carbide changes partially or 
wholly to hexagonal silicon carbide with, 
tile crystals stron^lv interlocked or 
joined. The product of the present invon- 

05 ti'on tbireibre-self^tre^^ under 



high temperature operating conditions* m 
The process of the present invention is 
carried out as follows: The components 
of the mixture of which the refractory is 
to be composed, as for instance, finely 
divided carbon and finely divided silicon, 
if no filler is to be employed, or such 
materials plus hexagonal silicon, carbide 
in the desired grit sxse vrhere such 
material is to be used as a filler, are 
thoroughly minced for a long* enough time 
to insure uniform distribution of the 
components throughout the mixture* In 
ardor to permit the mixture to be molded, 
a temporary, binder is added. Any of the 
usual and well Jbxown temporary binders 
or reams of both dry and liquid form, may 
be used alone or in workable combina- 
trOxzs. The mis; is. then formed by the 
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u/mal i orming methods, under pressures 85 
equivalent to 1000 — 7000 lbs. per square 
inch, af^ar which the shapes are slowly 
dried in on oveai at moderate tempera- 
ture. After drying, the shapes are tired 
in* a hHn under either reducing or nom- go • 
nxiqiaag conditions. Xn one method the 
shapes are packed in coke which, upon 
heating-, provides a reducing atmosphere. 
In another method, a funxaco into which 
is introduced either a reducing or 95 
nan - nrrirHrrag gaseous atmosphere is 
omnjbyed- 

xhe heating cycle employed for such 
firing opoxotum may obviouajy bo varied ' 
couHideraHy- Naturally, the cycle should 100 
be such as to heat the shapes gradually 
enou&h to prevent their being- exaelcoa. 
The shapes should then, he held at a tetuk- ' 
perature of from 1200" to 1500" 'C., or . 
slightly above, for a l o ng enough period 105 
to insure complete reaction between the 
carbon end the silicon metaL 3To definite 
figures can be given for the length of 
holding of the product at this tempera- ' 
Sure since this obviously depends to some no 
extant upon tiie thickness of the cross- 
section of the product. As an eonnxple 
only, where a relatively thin setter tile is 
nmdcy it has been found satisfactory to 
heat the* product from room -naarperafcaxe 115 
to apprfccWalv 1250* 0- in a period of 
twelve hours, then to slowly raise the 
temperature over a period of eighteen 
hours to about 1450* and to cool it . 
back to room tamperasuxD at a rata com- iSfl 
parable to the rate of heating',' 

As .has been indicated above, the 
composition of the product may be widely 
varied, depending upon, the* use for which . 
it is intended. The ratio of the weight of 125 
silicon to the weight of carbon employed " 
in the practice of this- in^untixm should 
be such sroneraUy to provide for their. 
Complete reaction, to form silicon carbide . 
thu> avoiding the greseuoe of free carbon ISO 
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in the finished products X& o4hex wordeJ 
the ratio olio-aid, be o,t }east : the stoichio- 
metric ratio of silicon to carbon, namely,. 
2.34. In come instances it is desaroa that 
$ metallic silicon, be present as snub, in the 
finished ^ product] ijx these cases the 
Silicon 36 employed jil exceaa of the 
gtoir.hi ran etric ratio. For the purpose of 
Weight silicon 
my invEJLfcir>2i the ratio « » : 

*w^ut of carbon 
should "atfu&Uy lie between approximately^ 
°*»84> wd -3 depending- japou the conditions " 
employed in firing-, wiiere an excess of 
silicon is employed the product has a 
shiny subnxetallic - appearance and 
IS possesses more strength than -where 
elemental silicon per icris not present. 

It has been found that the resulting 
refractory is stiooBusv and more OSCkdfffcion 
resistant wien an excess of siHeon in- 
SO employed than wnen it -cdnsfste of ottbio 
SiO alone • This* may * -possibly be 
. explained by the fonnation <il waii ngs 1 
of aHicon on the grain. SiihgeqTwnT^ 
oxxaatiun of the silicon provides a protec- 
25 txve coating far th© grain ; eurih. a forma- 
tion of SiO x ^ effects an enhance- 
ment on strengin of the refractory at high, 
-temperatures. ' 

- Jik indicated abore no filler Heed be 
80 used in the mixture in the practice of the 
invtmtion. In, some instances. granular 
nqpgonal 'silicon carbide nniformly di&-* 
tributed thmiz^3ioxLt > the j pru da c t ins bean 
found to be desirable. It has been found 



85 that a satisfactory protract result? when 
uain^r ttaah. granular hexagonal sxljcon 
carbide as a filler, whan ^itl A n r*" lying- 
anywhere minin the ranee £rom 0 to BQ%, 
1^ weight of the product are employ£oL 

40 wlen clay in used as a 'filler or sup- 
plementary bond, the .amounts of "slay 
may lie anywhere -within the rnnfre from 
0 to 80.?£ by weigh* of the product. In 
no instance, whether. on© or more fillers' 
are need, does thatr.smn. exceed S0% by 
weight ^ the product. Th& refractory 
of the preeent invention naa a composition 
_wwgh,t ^allin^^Tcrthin the ^Wowing- 

bond 0—30% 
- 6—75% 
— £—30% 
day bond 



00 Seimetory filler 

Sup plement ary clay 
Si (tqtal) - . 
- 

the sum of the sui 



the sum of the supplemental 
85 and refractory filler, if" hoi 



are need 
Si 

together, not to exceed 90%, the ratio — 

Q 

lying -between 3.34 and 3. Lithe finished 
refractory, uneombined silicon plus cubic 

silicon carbide compose from 20 100% 

60 by weight j and nnoommned - silicon from 
0—16.©% by weight of the product. 



For purposes of .illustration only, and 
not in any way to be considered as rcs- 
triqting- the invention, the following 1 
example of- typmal mixtures falling £3 
within the scope of the • invention are 
gixan; All- parts given below areTiw' - 
weight; sufficient water is added in each 
.instance to produce the working- 
properties needed for the forming process 70 
xc bo -employed, Likewise the* umotxcCU 
of temporary binders employed will be 
such, as to swt the requirements of pro- 
cess to be used. 

The numeral associated with the word 76 
" mash * B in certain of the AJiowinff 
examples indicates tne number of strands 
-and sTOcee per linear inch, of £he screen 
through which, the materials have been. 
Bassel. 60 

Parts 

Powdered Silicon 70 
Carbon - • SO 

Temporary Binder • - - -0—5 86 



Parfa 

14 mesh and &n&r hexagonal 

Bflioqn ear bide - 60 

Powdered silicon 28 go 

Lamp Slack 12 
"Temporary binder - - O—S 

• ' - ^arts 

Jji mesh and ****** h exagona l 0*5 

silicon' carbide 7o 
Powdered silicon 20 
LampjBIaek* - - 7$ 

Tcfrnpo ntty binder » - 0 — * 5 

Wtivtw IT 100 
3?arta 

68 ^cp]*- and: final hexagonal 

silicon cox&Ldfc' ... 30 
Powdered silicon 38 
Xamp Slack 12 105 

Clay ~ . - - - • 20 

Temporary Binder - - 0 3 

Tfce of a ™*Ti^rrl djzing- or reducing 
atmosphere during tie boxning of "the 
product of the invention nas been found to 110 
be an-important feature- of the method. 
Such atm nnphur e jirevents ^TtfATn^i P ^ ffn 
of -t^e proauot- or change of weight 
thereof by reason of oxidation. Further- 
more, by use of such. rxtnLQsphexe it can tig 
be told with a certainty what the com- 
position of the burned product will be 
from a consideration of the character and 
amount of the" 'components of the mixture 
from* which it was made. Thus, if a i£0 
stoxctfuomatrie ratio of carbon and silicon 
ia employed in the mixture, one ia assured 
that the product will consist mbstanjaaJly 
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wholly of cubic silicon c^rMd^ .with no 
appreciable excels of either oarbon or 
silicon. Without the use of such, atmo*; 
* ' spheres there b=cnr rala^vely larg* "losses 
5 of silicon by vaporization: and leases of 
carbon by oxidation especially from the 
outer portions of flue product ; when this* 
takes plaea tiie coiapc^rcion of i&s prodaet 
is not uniform and is not subject to the 
10 rigid control ma Ac possible by. the prac- 
tice of my inveaiidon. " „ 

Al&ougb. silicon las been described as 
bring- used in that form; it ia bbvioptfitJui 
the silicon may be derived from finely 
IS corrfminutcd alloy wnich is employed in. 
the ™^ instead of gTTTraTi Suck alloy 
may be, for eocxmple, an aluminium- 
grlTrmn. alloy ox n ferro-eilicon having a 
hign silicon, contend for example, 90%. 
20 In the examples given above the carbon 
is added to tte "mixture in the form of 
lamp Uack. It is to be understood that 
carbon ia other nnely divided forms may 
. be employed m the process Thus, for 
$5 instance, powdered retort' uaxban or 
jxrwdftred coke may be .emplayed m the 
practice of the rnv wni i mr. 

Having now particularly described and 
ascertained the nature of the said inven- 
30 tioxt and ia what mutmftr the same m to 
- be performed, ae communicated to mo by 
my foreign correspondents, declare that 
w£at I claim i£z— m . ' 

1. A refractory article comp rising cubic 
£5 silicon carbide crystals interlocked and at 
least partially intcr-dSflosed with each 
other with the absence of free carbon, 
with ox without a granulated refractory 
? filler material, , * 

40 2. A refractory artaole Mcording to 
claim 1, and comprising silioon_ carmde 
grain of L-ecngonSl crystal nab&t inter- 
• locked with the cuhie silicon carbide 
crystals, and distributed throughout the 
45 article in a substantially uniform 

3. A refractory article acooxdxng to 
- claim 2 J wbcrottn the silicon carbide grain 
of h0g3goshal crygtal habit ia pre sent fa 



tzjt to 90% by weight of th^ article. 50 

■k A refractory article according to any 
of the preceding- cUims . whexem there a* 
silso present elemental silicon' 

A refractory article according- to 



claim 4, -wnerejn tue silicon pine the cubic t B& 
silicon carbide comprises £ronr20% to 
substantially 100% by weight of the 
article, the elemental silicon being 
present in amounts* up to 16*65%, by 
weight of the article. 

6v The process, of manufacturing 
refractory articles comprising f orming a 
tnW of substantial amounts of wwoercd 
silicon and finely divided carbon, the 
ratio, of the weight of the silicon and the « 
weigbt of Anjely divided carbon in the mis 
1^ between 3184 and 3, mixing the 
components ttoroughly with, a temporary' 
binder bo that the mixture is rendered 
workable, forming' the mixture to shape, TO 
drying tie shape, and in a non- 

o^ridisgng- or jeuueing Atmosphere at" a 
temperature^* at least 1200" XL for Bach 
.,a period of tame that a substantial portion, 
of the silicon reacts wxOl the .finely 75 
divided carbon to *oxm eume silicon, oar- 
"bide crystals which are so mtexdxidted 
with, each other that a mechanically 
strong shape resold . 

7. A process of manufacturing lefrao- a* 
tary articles according to o laim 
wherein the nrrog of the formed mixture 
is carried oat within a temperature xan^e 
of 1200* O- to IS)0* CL ^ . ■ 

8. A process of mnnufacfa png rerrac-; 86 
tary arfjtales according to elaim G or - 
alarm 7, "wherein there is incorporated rn 
the initial mis a refractory filler 
'material. 



tary 



9. A process of manufacturing" refrac- 
ry ar tlclag according tb ^l™^ 1 * 1 8, wnerein 



d refractory filler material -cmD^ri^^ 
jl co t \. o&xhiae ccam 
Dated this 4th day of J uly, IM ^ 
BOXHZE, "WAKE & 

HI ^ 112, Hatton Garden, 

Xfbndon, iELCJU * a ' ** ■ 
Chartered Patent Agents. 
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